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ABSTRACT and seal in multiple stratigraphic horizons.

The estimateof technicallyrecover~blegas
Conventionalgeologicand engineeringmeasures

from Devonianshale in Ohio ranges from 6,2 to
need to be supplementedby improved reservoir

22.5 Tcf, dependingon stimulationmethod and
models that describe the natural fracture system,

pattern size selected, This estimate is basedon
permeabilityanisotropy,and the release of

(1) a compilationof the latest geologicand
adsorbed gas.

reservoirdata, (2) analysisof key productive In addition,?ffectivedevelopmenthas been
mechanisms,and (3) examinationof alternative
stimulationand productionstrategies,

constrainedby uncertaintiesin the use of
extractionand well stimulationtechnologies~nd

The key findingsof this study are:
limited understandingof how stimulation
technologiesperform in the naturallyfractured,
anisotropicshale rocks,

o A substantialvolume of gas is recoverable,
althoughadvancedtechnologywill be Recently,a number of major studies and
requiredto reach economicallyattractive
productionrates in the state,

activitiestiavebeen completedunder the Eastern
Gas Shales Project (EGSP) that provide a basis for

o Well spacingcan be reduced by half from
advancingan understandingof the Devoiliangas

the traditional150 to 160 acres per well
shales. Under the sponsorshipof the U.S.

without severly impairingper-well
Departmentof Energy’sMorgantownEnergy

recovery,and
Technolqy Center (DOE/METC),two geologicaland
geochemicalassessmentsof the Devonianshales

o Oue to the high degree of permeability
have been completedby the Mound Facility and
Cliffs Minerals,namely:

anisotropyin the shales, a rectangular,
generally3by 1 well patterr~leads to o
optimum recovery.

“Resourceand ExplorationAssessmentof the
Oil and Gas Potentialin the DevonianGas

INTRODUCTION
Shales of the

T
palachianBasin,” Mound

Facility,1982.

Devonianshalesconstituteone of the largest s “BasinAnalysisof the Devonian Shales in
worldwideconcentrationsof organic carbon.
RecenS estimatesof the total gas in-placerange

the Appala hian Basin,” Cliffs Minerals,
June 1982.i

from844 Tcf to 2,579 Tcf, as determinedby the
U.S. GeologicalSurvey and Mound Facility,
respectively, However,technologicalchallenges

Their detailed reports providemuch

of efficientlyrecoveringand economically
informationas to the fracture system,

producingthe hydrocarbonslocked in the Devonian
stratigraphlcsequenceand gas content of the

shales are formidableand have yet to be solved.
shale. In addition,DOE/METC has developeda
reservoirsimulatorcalled SIIGAR(Simulatorfor

To date, full developmentof this resourcehas
UnconventionalGAs&esouNes) that-is capable of

been impededby a lack of scientificdescription
?iandlingmarryo?lhe unique featur%sof the shale

and analysisof the gas productionmechanismsin
not commonly found in other simulators,such as

the organic shales, The geologic settingof the
dual ponsi y, fracture flow, and permeability
anisotropy.i

Devonianshales is highly complex in that the
shales are a combinationof source bed, reservoir, Parallelingthe analyticwork has been a

‘Tablesand figuresatendof paper.
series of field nsearch projec s such as the

iOffset Well Test Program (OWTP) )$ inMeigs
.aa
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County, Ohio to Identifythe aet productive parameters,such as matrix penfleabilityand
intervaland permeabilityanisotropy;the drilling porosity,were found notto vary widely and
of a deviated well to measure natural fracture thus were kept constant over the stucly
spacing;and, the drill+ngof a series of Eastern area. These reservoirdata and paramters
Gas Shales Projection wells to establishbasic were assembledfrom:
dataon shale porosity,permeability,and organic
carbon content. o Historicalgas productionandwell

records.
Finally,there has been a recent upsurge in o The EGSP core well program,and

drilling,testing,andwell stimulationby o The Offset Well Test Program (Meigs
industrythat is yielding new data on previously County, Ohio)
undrilledareas of the ~palachian Basin.

The reservoirparametersrequiredfor the
PURPOSE analysis are shown on Table 1.

The current study integratedthe previous 2) Developmentof Variable GeologicData By
researchwork with additionaldata in addressing Reservoirparametersthat showed
the followingfive study objectives: $!%$’regional variation,such as gas

content and pressure,were develo~edfor
1) A rigorousinvestigation,model each county from actual data or were

development,and description of the gas extrapolatedfrom a series of isolinemaps
productionmechanisms in the Devoniangas developedfor Ohio (Figures1 and 2) using
shales. is stu~ examines the gas availablewell information, In addition,
-e and productionmechanismsin the the natural fracturespacing identifiedfor
naturallyfractured,dlJal porosity systems the state of Ohio is shown in Figure 3.
that govern productivityin Devonianshales The data was assembledusing:
beyond the conventionalmechanismsof
drainagearea, net pay, potusity, ● Geologicaland geochemicalreportsby
permeability,and pressure, Cliffs Mineralsand Mound Facility;

2) The collectionand assemblyof essential o Fractureconductivitystudiesby Terra

~red f
eolo IC and reservoirdata. leiiiiiFFof Tek;6

or this analysis is
assembledfrxxnprevious research,it is

$
● Stress-raio maps prepared by

augmentedby the collectionof new dataon METC/DOE; and
well completionand gas production,

o Rock pressuredata from 257 wells in 15
3) The partitioningof the state intctstudy counties.

regions. For the p~oses of analysis, the
state of Ohio is partitionedinto regions 3) Assembly of Actual Gas ProductionData,
based on geologicdata and gas producr.ion iiistoricalgas productiondata for Ohf_o
trends. were gatheredfrom state and company

records,as follows:
4) An investigationof the efficiencyof

-ative well stimulationand production o Long-termproductiondata were assembled

l?%??% ‘h
e relativeetticienclesot from 108 wells in 11 counties;and

ore o e s ooting, radial stimulation,and
verticalfracturingare ?.nalyzedusing a o Initialopen flow (24hr.) data were
numericalreservoirsimulatorspecifically collectedfrom 222 wells in 15 counties,
designedfor the key productionfeaturesof
the Devonianshales. 4) HistoryMatchingof ProductionData and

productive Interval. The reservoir
5) An estimate of the productionpotentialin

~Technically re,>verablereserve
simulatorwas used to match productiondata

~matesare made for each of the major
and back-calculatethe remainingunknown
reservoirparametersof fracture

partitionedamasof Ohio, for various permeabilityand net productiveinterval,
stimulationtechniques. The target
intervalof this analysiswill be the

as well as to ensure consistencyin the
basic data. An overview descriptionof the

Middle and Lower Huron shale members of the SUGPR model is found in the Appendix.
Upper (levonianOhio Shale, since these
units am the dominantproductiveunits in 5) Definitionof the Fracture Regimes. Beyond
Ohio. fie data requiredfor analyzingthe

performanceof well stimulationby borehole
GENERATIONOF INPUT DATA skooting,additionalgeologicdata were

The input data requiredto conduct this
requiredto properly evaluatewell
perfunnancewith improved stimulation

analysis requireda large cross sectionof technology. This additionaldata included:
information. The processconsistedof seven major
steps, as discussedbelow: ● Determiningdirectionalcomponentsot

fracturepermeabilityto reflect
1) Identificationof ConstantGeolo ic/

“+
permeabilityanisotropy;

Reservoir Data. Several reservo r
--- !,
17u
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o Identifyingthe expected angle of
intersectionbetween induced and natural
fracturesto estimatewhether the
indl[cedfracturewill cross or ennimate

tin the natural fracturesystem; and

o Establishingan optimumwell drainage
geometryto best match penneabi1ity
anisotropyand stimulationmethod.

Naturaland induced fractureorientation
along with permeabilityanisotropy~re
shown on Figure 4,

6) Developmentof Six RegionalPartitionsfor
io. Gas ~roductionestimateswere made

~each county using the geologic and
productiondata developedin Steps 2
through 5, above. The state of Ohio was
then partitionedinto six areas (Figure5)
based on the key geologicdata that
establishthe natural stress and native
fractureorientations,mechanicalfabric of
the shale, and 40-year cumulativegas
production. The distributionof production
data is also shown by regionon Figure 5.

7) Developmentof RepresentativeData by
_Partitioned Area. me essentialgeologic
data were aggregatedand compiled by each
of the six partitionedareas and is
summarizedin Table 2.

ANALYSIS OF STIMULATIONMETHODS

Three well stimulationtechniques(beyond
traditionalborehole shooting)were evaluated.
Two basic types of stimulationshave been
examined;verticalfracturingand radial
stimulation, The radial stimulationcase assumed
an increasedpermeabilityaround the wellbore to a
distanceof 30 feet, while the vertical fractures
were consideredto have 150-footand 600-foot frac
wings, well propped to the tip of the fracture,

The three cases are summarizedbelow:

o Radial Stimulation(r’w = 30 feet):
emergingtechnolog;thdt achieves
omni-directionalinduced fracturesin an
uncasedwell.

o Small Vertical Fracture (x = 150
Teet): achieved fby hy~rau ic fracturing
with small volumes of fluid (less than
40,000 gallons),and

o Large Vertical Fracture (xf = 6LNJ
?eet): Potentiallyattainablewith
significantadvanc& illtechnologyusing
large volwnesof fluid (gRater than
150,000gallons),

The data which had been assembledby area was
analyzed for each of the delineatedstimulation
cases usinJ the SUGAR Model.

PRODUCTIONPOTENTIAL

The Devonianshales of Ohio (Middleand Lower
Huron member) offeran important future sourceof
natural gas, The target intervalsanalyzedby
this study contain unestimated 50 Tcf of gas
in-piacet Recent researchshows that a major
portionof this gas may be feasibly recovered,as
discussedbelow:

o Gas recoveryand flow rates per well vary
widely, with highest recoveriesin southern
hi Highestgas productionrates and

ti~ate ?wcoverycan beexI)ectedin
southernOhio (Area I). Gak recoveriesper
well can wach 1,000 MMcf (40-year
cumulativerecoverywith large, 600-foot
half length, verticalfractures)with gas
flow rates of200Mcf per day (daily
average for first four years). Lowest
recoveryand gas flow rates are in
northeastOhio (Area VI). Here ultimate
recoveryis estimated at 24 MMcf (40-year
cumulativerecoverywith 60-foot radial
stimulation)with gas flow ratesof 2hcf
per day.

Improvedstimulationtechnologyis required
to unlock the full gas potential, Useof
large verticalfractures in the high gas
potentialArea I wi11 provideper wel1
cumulativerecoveries(over 40 years) of
l,080MMcf versus 386 MMcfby borehole
shooting. Even in the low gas potential
Area VI, large_radialstimulationwould
more than double the gas fiow rates and
ultimate Wcovery as comparedwith borehole
shooting. Future technologicaladvances
for more efficientlyinterconnectingthe
natural fracture system to the well
drainage area would further add togas
recovery.

o Alternativewell spacing and pattern
configurationwi
~“ “ a’s:::;!Reducingwe
acres per well, will substantiallyincrease
gas recovery--from15.2 Tcfat160 acres to
22.5 Tcfat80acri?s--wlthout appreciably
reducing recoveryin the initialyears. In
addition,changing the well pattern
alignmentto a 3 by 1 rectanglefromthe
traditionalsquare pattern improvesgas
recoveryper well by 5 to 10 percent.

o The productionpotential from the tawet
sequenceof Devonian shales of Ohio ranges
~nm 6.2 to 22.!JTct. The low end of th
range reflectswell stimulationby boreh~le
shootingand curren? field development
practices. The high end of the range
nflects applicationof advanced
stimulationtechnology (verticalfracturin9
and radial stimulation)and use of
alternativefield developmentmethods.
Productionby Area and stimulation
technologyis shown in Table 3.

1



ANALYSISOF ALTERNATIVEPRODUCTIONSTRATEGIES

Traditionaldevelopmentof the Devonianshale
resourcein Ohio used such practicesas borehole
shootingand uncassdwells on 160-acre spacing.
Currently,several new technologiesand
developmentpracticesare emerging that can lead
to increasedrecoveryand lower cost gas. This
sectionexamines three alternativeproduction
strategies: 1) advancedwell stih,ulation
technology,2) reducedpattern size, and 3)
alternativepattern shape, along with alternative
induced fracturebehaviorat natural fracture
intersections,

A. AdvancedWell StimulationTechnology

Analysisshows that advanced stimulation
methods add significantadditionalgas over
borehole shooting. Previously,it had been
assumed that merely linking the natural fracture
system to the wellborewas sufficientto achieve
efficientgas recovery,and that the greater the
number of natural fracturesconnected,the greater
the resultinggas recovery.

This analysis showed, however, that a higher
conductivitypath than provided by the natural
fracturesystem is requiredto achieve efficient
gas flow rates. This is because the permeability
In the natural fracturesystem is too low (0.02to
0.30md) to provide adequateconductivity;thus,
an induced fracturewith proppantsand high
conductivityis requiredfor efficientgas
recovery.

The expected increasein gas productivity,due
to thf applicationof advanced well stimulation,
must he weighed against the extra cost of the
stimulationtreatment, One method for so doingis
to dtitennineif the additionalexpense of the
stimulationtreatmentcould be paid back over a
specifiedper~od of time.

In this study, Areas I an 11 were selectedfor
directcom arisen. The table below Indicatesthe

!increments gas production (MMcf)over borehole
shootingin Areas I and II in 5years:

IncrementalGas Recovery,
In 5 Years, Over Borehole

Typeof Stimulation Shooting (MMcf/Well)
Area Area II

Radial Stimulation ~~
Small Vertical Fracture * *
Large VerticalFracture 282.8 76.4

If a 5-year payoff period is adequate and a
wellhead value of $3/?4cfis assumed for the
additionalgas produced,a large verticalfracture
treatmentwould be cost effectiveIn Area I if it
cost less than $800,000, Similarly,In Area II, a
small veritcal fracturingwould be cost-effective
if it could be accomplishedfor under $300,000.
Cumulativeproductioncurves are shown for the two
areas in Figures6 and 7.

B. ReducedPattern Size

The traditionalfield developmentpractice
Is to use swell spacingof 150to 160 acres,
drilled on a square pattern, The analysis shows
that, wi”ihthis spacing,a considerableportionof
the gas in-placeremains unrecoverableeven after
40 years. Today, current practice is to drill on
a smalleram?age spacing. This analysis
thereforeexamines the recoveryefficienciesand
feasibilityof reducingpattern size to80 acres
per well.

While closer drillingwill yield a higher
overall gas recoveryfrom a given area, the
feasibilityof drillingon smaller patternshas to
be weighed against the expense of the additional
well and stimulation. For example, the table
below illustratesthe effectson cumulativegas
production,for the first five years, of drilling
one and two wells on 160 acres in Area I:

Effectof In-FillDrilling
(5-YearCumulativeGas Recovery,M$lcf)

Incremental
160 AcreS Gas for

lW1le Wel1s 2nd Well——

Borehole Shooting 61 122 61
Large Vertical
Fracture 344 67C 326

The table above shows that drillingon 80-acre
spacingwould yield an additional61 MMcf (over
the first 5years) using borehole shooting,andan
additional326 MMcf (in 5 years), using large
vertical fracturing. In this area, drillingonan
80-acre spacingwould be nearly as economicalas
drillingon 160-acrws. Cumulativeproductionfor
all stimulationtechniquesonan 80-acre spacing
In Area I is displayedon Figure8.

C. AlternativePatternShape

This study indicatedthata rectangular
drainagepattern Is more efficient in recovering
gas than a square patternin anisot~pic
permeabilityregions. This analysisexamines the
cumulativegas recoveryfor three stimulation
technologies(boreholeshooting,a radial
stimulation,and a large verticalfracture)over
three drainageshapes (a square,a 3 by 1
rectangle,and a 5 by 1 rectangle). Area IIwhich
exhibitsa permeabilityanisotropyrctio of 6:1
and a fractureintersectionangle of 10 degrees
was used in this analysis, Radial stimulationand
vertical fracturingin a 3 by 1 rectangular
drilling pattern are illustratedin Figure 9.

The analysis shows that when boreholeshooting
is used for well stimulation,the drainageshape
has little impacton gas recovery,Table4.
However, for the other two stimulationtechniques,
recoveryefficiencyis Improved 5 to 10 percent by
usfng alternativesto the traditionalsquare
pattern, The most efficient drainageshape



uppears to be a rectangleof about 3 by 1,
although the optimum dimensionswill depend upon
the stimulationtechniqueused, drainage pattern
size, and the permeabilityanisotropyin the
region. Further study is requiredto determine
the optimal drainagepattern shape under the large
variety of geologicvariablesandwell stimulation
practicespresent for the Devonianshale.

D. AlternativeInducedFracture Behaviorat
~tural Fracture Intersections

Previousstimulationtheory held that the
primary goal of stimulationwas to liok the well
bore with the natural fracture system. This may
not always be adequatehowever to produce gas
economically. In many areas of Devonian shale,
the permeabilityof the natural fracturesmaybe
such that it restrictsthe potential flowof gas,
In these cases alarge well-proppedfracturewill
have a significanteffect on improvinggas flow.
This is illustratedby the behavior ofan induced
fractureat R natural fracture interface. Tne
basic endlysisassumes thatan induced fracture
will enter and propagatealong the same path as
the natural fracturesystem. However,two other
possibilitiescould occur:

● The induced fracturecould enter the
natural fracture system and terminatedue
to energy dissipationat the interface;or,

o The induced fracturecould cross the
natural fracturesystem for the full
fracturedesign length,

These three alternativesare shown
schematicallyon Figure 10 and are analyzedhere
as a sensitivityanalysis.

1. Low Fracture IntersectionAngle

In arwas having a low induced fracture
intersectionangle (with the natural fracture
system),it appearsto make little difference

natural fracturesystbver,m
whether the fracture arallelsor crosses the

large-scalestimulation(a 600-foot induced
fracture)substantialimprovementin gas recovery
resultswhen the Induced fracture arallels
(providinga well-propped,highly conductive flow
path) rather than terminatesin the first natural
fracture system en~

The resultsof this analysis for Area II,
which has a fractureintersectionangle of 10
degrees are indicatedin Table 5.

For Area II, crossing the natural fracture
system resu”ltsin only a small (3 percent)
increasein gas recoveryfor both the small and
large vertical fractun cases, However,should
the induced fracturemerely terminatein tile
natural fractur%system, gas recoverycould be
severely reduced--by20 percent for the small,
150-footvertic~lfracturecase, andby 50 percent
for the large, 600-foot vertical fracturecase.

2, High Fractu~ Intersection~gle

At higher fractureintersectionangles suchas
4u degrees,the positiveeffects of crossing a
natural fracture systembecome evident, In this
type of Setting, the induced fracturepresentsd
high permeabilitysurface area partially
orthogonalto the directionof greater natural
permeability.

The reservoirpropertiesof Area IV, which has
a 40 degree intersectionangle and a permeability
anisotropyratio of 6:1, are used toexwine the
effectof fractureintersectionangle (Table6).

For Area IV, crossing the natural fracture
system increasesgas recoveryby 40 to SO percent
over the case where the induced fracturemerely
parallelsthe natural fracture system,

SUMM4RY

Four major findingsemerge from this study:

1. AConsiderableAnountofGeological/
GeophysicalData is Required to Properly S~mulate
te s ro uc on~ e Devonian
Wales. Beyond the conventionalgas storage and
=tion mechanisms,the major controlling
factors in the Devonianshale include fracture
permeabilityand intensity,permeability
anisotropy,adsorbedgas, the capacity to connect
the natural fracture systemto a wellbore,and the
difficult-to-memwe (by conventionalmeans) net
productiveinterval. While recentwork has begurl
to provide some of this data, a considerable
amount of extrapolationand relianceon assumption
was requiredfor this study. Substantialfuture
researchand drillingis still requiredto reduce
the uncertaintyand risk surroundinggas
productionfrom Devonianshales.

2. ImprovedStimulationTechnologyis Required
to Unlock the Full Gas Potential. Use of 1arge
verticalfractu=s, in the high gas Dotential
An?a I, will provideper well-cufiulative
recoveries (over40 years) of l,OUOMMcf versus
386 MMcf when borehole shootings used. Even in
the low gas potentialArea VI, radial stimulation
would more ‘thandouble the gas flow rates and
ultimate recovery,as compared with borehole
shooting. Other advances, for more efficiently
interconnectingthe full natural fracture system
to tilewellbore,would further increasegas
recovery.

3. AlternativeWell Spacing and Pattern
ConfigurationWi’il PI

~will
ncrease Recove .

Reduced well sDacln~ to~cres ~er we
also increase gas ~covery (from 15,2 Tcfat 160
acres to 22.5 Tcf at80 acres) without appreciably
reducinggas recoveryin the ‘Initialyears. In
addition,when using one of the improved
stimulationmethods, changing the pattern
alignmentto a 3 by 1 rectangleinsteadof a
squarewill add from 5 to 10 percent recoveryper
Wel1●

1/0



. ●

✎✍ ✎✎✎✌

.—— _

SUGAR MODEL APPENDIX

4. The DevonianShales of Ohio Offer u Major The model used in this study is the
Source of ProductIonPotential. prod~iction two-dimensionalntimericalmodel (SUGAR-MD)
potentialfrom the Mlddle and Lower Huron interval
in Ohio was estimatedfor each of the six

availableat DOE/METC. This model was developed
specificallyfor analyzingDevonian Shale

partitionedareas. In total, recoverablegas productionand includesthe three key sourcesfor
ranges from 6,2 to 15.2 Tcf over 40years
(dependingon-stimulation)from wells drilled on

gas storageand production;namely:

160-acre spacingin the Middle and Lower Huron o The macro-fracturasystem,
members. Average productionper well was found to
be highest in southernOhio (Area I) and to

o The micro-fracturesystem, and
o Gas adsorbedon the organic kerogen in the

generallydecline northeastwardover the state. shale,

The SUGAR rflodeldescribesthe transient
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TA8Ltl 1

wlR~D R~s~RvoIR pA~E-N

A, Constants

DrainageArea, A

Matrix Perm?abtlity,km

Wstrtx POtWS{ty,Om

Fracture Porosity, of

B. Variables,By Area

Fractur@Penneabillty,kf

Gas Content,%

InitialPressun?,Pf

L{ne Pressuw, PI

FractureSpactng, a

C, KstchingParanwters

“ProductiveInterval,” h

Re resentatlve
iV,Iue or Range

160 AcRS

5 X 10-$nd

0,01

0,0009

Source

HistoricalPmduct{on

COR Analysis& Simulation

OffS@t Ifel1 Test; Core
Analysis

Offset Mel1 Test

0,02-4 md

10-220 Mcf/AF

65-815 ps{a

25- 100 psia

10- 3u feet

LaboratoryTests (Terra
Tek); Sw%ss WI o (OLWMkTc)

Maund Report

Hell Records

Estimateo

Cl1ffs MineralsR?port;
Stress-Rat!o hap

10- 120 feet Simulation

TA8LE 2—.
AVERAGE RESERVOJ” PERTIESBY AREA.— .

Pa?titionad Fracture Fracture hTil~dbi ] ity Intwwction ~
Area.— %H’!ik&iTwJ-W+% %%i$&G
1

;;I
Iv
v
VI

2,320
1,500
3,560
1,:::

2,135

100
YLl

11!
zoo
50

1(J
20
Zu
2(J
20
20

n,oz76
U.2993
0.0200
0.0574
4,4290
U.CJ2UII

1:1
6:1
4:1
6:1

::;

690
240
625
215
90

i35
40
40

TA8LE 3

PRODUCTIONPOTENTIAL,BY AREA

AND STIMULATIONNETHOII

ProductionPotential (Tcf)in 4U Years
Total ~lall Largu

Parti- Drj~Jjble ~sc~n- Borehole Rgf~j! Vertical
tioncd

Vertical
Shootiny [ruc;e Fracture

Area (m) -(lw)- r’w=30’ xfm6U0’

1 543 4*I 0,B4 1,16 1,6U 2,35

11 3,57? 12.4 2,95 4,U6 4,67 6,21

111 2,B69 4,4 1,46 1,9B 2,33 3,04

lV 2,641 24,8 0,84 1.35 1,78 3,3B

v 313 0!4 0!05 0.06 0,06 Nh

VI 3,3Li&— 0s04 O*W 0,09 0,20.—— —

TOTAL 10,978 49,4 6,18 B,611 10,61 ls,ltl
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T~LE 4

SELECTIONOF DRAINAGEPATTERN S41APE

PREA 11—,

CumulativeGas Recovery
From Alternat{vePatterns

StimulationTechnfwe
* %&7-r-- ‘xl’

attern attern
I#lcf)

Bonhol e Shootln~

10 Years 63 63 63
40 Years 206 206 206

Radfal Stimulatlon

10 Years 94 99 95
40 Yaars 261 274 263

Large Vertical Fracture

10 Years

40 Years

172

402

190

434

180

414

TPELE 5

EFFECT OF ALTERNATIVEINDUCEDFRACTUREPERFORMANCE

LOH ANGLE CASE

(CumulatiVe Recovery,MMcf)
TerminatesIn Parallels Crosses
Nqrderac Na~&ramFrac NaturalFrac

StimulationTechnique Y Y System

Smal1 Verjjc~Ja~cturt
121 127

40 Years 2:{ 327 337

Large Vet’~$:~aWut%
190 198

40 Years 2:; 434 444

TFJSLE6

EFFECT OF INOUCEOALTERNATIVEFRACTUREPERFORMANCE

HIGH ANGLE CASE
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Figwe 9
Figure 10

STIMULATION TREATMENT SCHEMATICS
UNDERSTANDING OF INDUCED FRACTURE PROPAGATION
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